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THE CHYLTAL CTRUCTURLS OF Thi HYLLID 'S OF
LANTHANUM, CLNIUY, PRADNLOTYNIUY

AND ROVYILY

Introduction

a=ray powder diffraction photoyraphs of the hydrides
of lanthanur, cerium, praseodymium, and neodymium obtained
in the present investi ation sriow trat these hydrides all
possess I'.c.c. lattices, in g reement with previously-
reported findin.s of other investipators. Hydrides having
a cormposition sliyhtly richer in hydrogen then d¥Hy g (the
hydro,en-rich phase in tre two-phaso region) display the
largest lattice constants. rddition of further hydrogen
results in a sli;ht contraction of these lattices. . plot
of lattice constunts versus comrositions for the hydrides
of these four motals 1is given in i, ure 7. Individual val-
ues are tabulated in the followin; incdividual sections for
the different metuls.

t4zilar datu huve teen obtained by lolley, MulfOrd,

t1linger, Koehler, & uachariasen (1955)» ¥no have published
a similar plot, to.other with a table of lattlice constunts

for tre hydrides of compositions ifHg. These values are in
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excellent agrecment with tre largest lattice constants
found in the present work, thut 1s, for compositions some-
what below }Hp, in most cases. 4 table compuring these

values 1s ;iven below.

Holley, et al. This work
iydride 8o (~.) Hydride 8y (4.)
LaHp 5.667 ¥ 0.001 LeH; gg  5.670 * 0.002
COHE 5.581 % 0.001 COHl.as 5.580 *® 0.002
Prilip 5.517 % 0.001 Pri; oo 5.515 * 0.002
NdHg 5.470 ¥ 0.001 NdBj .83 5.469 ¥ 0,002

Diffraction patterns for some samples in thc two-phase
rogion huve also been obtained. ~ll of these show the
presence of the hydrogen-rich phase, with lattize constants
the same as those listed above. To,ether with this lattice
there appeared in some cuses a f.c.c. pattern giving a lat-
tice constunt within esperimentul error of that for the
metal, presumably the hydrogen-poor phase of the two-phase
region. The exact composition of this phase 1s not known,
nor can it be definitely sald thut there is a difference
between the lattice constants for it :nd for the metal 1t~
solf in its f.c.c. modification. Some films also showed a
f.0.0. pattern which has teen attributed to a monoxide
formed on the surface of the sanrj:le-~other evidence for
such a phase has been discussed above in Chapter IV, in
connection with X=-ray diffraction studies of the metals

themselves.

Lact s
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Some comparative values for hydride and deuteride
phases have been odtained, which indisate the deuterides
to have slightly smuller lattice constunts than the hy-
drides.

Exporimental

Apparatus
An apparatus was prepared which hud the ! -ray dif=-

fraction ocapillaries directly attached to 1t, so that the
hvdride samples could te shuken into them, and thus never
come into corntact with any atmosphere other thun hydrogen.
A sketch of the aprparatus is given in rigure 8, and its
construction will te descrited in some detail, since no
very satisfactory descrirtion of such un appsaratus could
be found in tre literature.

A=ray capilluries.~-Caplllaries were prepured from

pyrex test tubes of about 19 mm. 0. D., by drawing them
down successively, first to « dlameter of atout 3 m., and
thon to a diurcter of atout 0.5 mm. The ocupillaries were
cut so that a short length at one end was of the larger
diumeter--this ond was flanged, and .fter the small end of
the capillury was sealed shut, the flunged ond was seuled
into a length of 7-mm. pyrex tubing in a smull rin, seal.
The 7-mm. tubing had been previously prepsared with the buld
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and trickened portion shown in the gketch, and the end was
subsequently tent for sealing to the reuction vessel.
Flacement of the curillary within an cuter tuhre in this
manrer gcives 1t oxcellent protection,

keaetlon vessel.--Tho reaction vesssl consisted of a

12«cm. lenith of 13~mm. vycor tubing, attached to the same-
sized pyrex tubing through a gruded gscul. Overall length
of 13-mr.. tubing wus about L4 cm. The vycor end was sealed
shut, and the pyrex end was sculed to an 8-cm, length of
22-mn. pyrex tubing, to the upper end of which was gexled
half of a ground=-,lass joint. ‘'he capillaries describved
atove were sc.led to the 22-mm, ssction so that they par-
alleled the len,.th of the vessel. The first was sealed
near the tottom of this section, the ne>t two opposite each
other at 90° to the first, and about hulf-way up the sec-
tion, and the finul two at 90° to these, ayain oprosite
each other, and near the urrer end of the aection.

In some prepurations a small molybdenum-foil cup was
pPluaced in the bottom of the vessel, fittin; closecly. The
final addition to tre vessel was a srall harmer, constructe
ed of a 4=cm. length of &-mm. pyrex tubing soaled at both
ends and contuinin, a leauth of iron rod. The reaction
vessel was attuached to the vacuum line through a short

length of tubing contul:ing a stopcoe%, and having ground-
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¢lass joints at btoth ends. "Varno-Cement" was used to seal

these joints during the course of a preparation.

Frocedure

Cleaning of the rmetal samples and purification of the
hydrogen used were the same as described in Chapter III.
Samples were outgussed at varyin; tomperaturcs from 300-
600° C. Cubsequently, reuction usually began upon admis-
sion of hydrogen at room temporature from the ias turet.

ifter the iritiul atsorption was completed, the reactor was

closed off, and hydrogen in the line was pumped into the
gas buret, using the loepler pump. The reactor, toyether
with tre section of tudbing above it containing the stop-
cook, wuas then rcmoved from the line and pliced on a shaker
until the product was well pulverized bty the auction of the

¢lass hammer. The reactor was then repluced on the vacuum

line, and the sample was taen throul several cycles of

heating and cooling, to temperatures as high as 700° C. in
some cases, to onsurc completeness of reuction, and a homo-
goeneous product. CLurin, such heatir,- the pyrex hammer {
would be kcpt suspended out of the hot zone bty a small mag- |
net udjacent to the reaction vessel. In somo casca the re- ﬁ
actor wus romoved for additional sh.uking betwoon such cy-
cles. ‘The initial pulverizing usuully resulted in desorp-

tion of some gas, which was usually all reabsorbdbed after

)
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several cycles of heatin; and cooling. The first samgle
was removed after pumping out the line and reactor into the
#0668 bturet, with the reaction vessel at room temperature.
Composition was usually founk! to te about WHy, g+ The math-
od of procedure was to remove the reactor from the line as
descrited above, and tip it to shake some product into the
firat eaplllary. Ihls was facilituated ty adroit manipula=-
tion of the hammer with a maghet.

Subsequent samples were sirilurly removed after ade-

ditional yus had reen pumped inte the buret, the hydride

having been heated to produce un upgrreclable dlassoclation
pressure. 5ll gus was pumped out of the line and reuctor
and into the Muret hefore e:aclh: sumple was removed, so that
all hydrogen was eltrer in tre turet or in the solid prod-
uct. The sample wus always at raom temporature durin, the
latter purt of this pumping. Ulesting before removal of
the last samnle in eucr case usu.lly reached 700-800° Cey
to produwce a dissociation prouasure high enou h to mal“e ro-
moval of gas with tio oepler pump feasible.

lhe capillaries were removed from the re:.gtor by
sealiny them off at the thickened portion. 'he outer 7-mm.
tubing was then marked with a file, and cracked with the
heated end of u yluss rod, le.vi-,  tre cupillary exposed,

which could then te sealed off arout 17 mm. from the end,

P s
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thus to give a capillary of sultable length for the Xe-ray
camera.

The amount of the tw al product ranoved each time was
neglected in calculatin,; the compositions of samiples re-
moved sursequently. The average wel ht of a numdber of X-
ray samples was found to te btetween 4 and 5 mg., while the
metal sample used was usuully of the order of 1000 mg. It
may te easily shown that removal of f'ive 5-mg. samples &t
approximately equul irtervuls of composition from MH; gg to
MH, go would result in a corrected compositlion of ¥R, .9¢
for the last samrle; while the uncorrected value would bta
lﬂl.BO' Intermediate samrlos would be less in error, and
this is certainly ne;li,ible compared to other errors ir.-
heront in the system.

most of the samples wore annealed for aprroximutely
48 hours at about 540° C., to cive f11lna having better raos-
olution. lilms of the samples richest in hydrogson were
first prepared without havin, anncaled the samples, ercept
for their having been cooled slow«ly in hydrogen while still
on the vacuum line. <ihe samples werc then subt jected to the
same annealin, treuatment, and in some cases withstood 4t.
Some loss of hydrogon osing to diffusion throuh the thin
pyrex capillaries may have occurrod during the annealing of

the hydrogen-rich samples. 71his 1s esproclally thought to

é,
|
E
j
i
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huve occurred for tho LaH, ng sample, which reucted with
the ocapillary, and is discussed below. OJuch reaction was
not ohserved for the other hydrogen-rich samples which
withstood tho anneuling. Samples less rich in hydrogen
would not be espected to underyo any significant loss, as
the pressure of hydrogen in the capillary owiny to disscci-
ation would not huve been very high.

Structures of the iiydrides

Lanthanum hydride

Flve samples of lunthanum hydride, progressively
poorer in hydrogen, were prepared as descrihed above in
the experimental section, and the l-ray diffraction pattern
for eacl. was obtained. The compositions of these samples,
together with the correspondin; f.c.c. lattico constants,

are given in the followirng table.

H:La 8 (a.)

2.78 5.619 + 0.010
£.47 5.628 £ 0.005
€426 5,645 % 0,005
1.99 5.661 & 0,005
1.83 5.670 % 0.002

It 1s seen that the cell constunts follow the general trend
as doscrired atove. lhe data from which these vilues wecre
derived are tabulated in sppendix [iI, Tables 28 and 20.

The lattice constants for the samrles poorer in hydrogen

B T R - N e T e
. B C ok e e v 4
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are more ucocurate, as patterns for those samples were bdet-
ter resolved.

another paltern for Lall, ng was obtuined after the
sample had heen annealed 53 hours at 475° C., a troatment
the hydrogen=-rich samples di1d not usuully undergo without
causing the containing cuapillary to dburst. <The dauta for
this film are tabulated in .ppendix [LI, Table 30. The
pattern showed lines for two f.c.c. lattices, with a, val-
uas of 5.297 £ 0,010 and 5.727 £ 0.010 4. Microscoplc ex~-
amination of trc capillary showed that its inside wall had
been attacked. Ko break in the capillary was evident, and
the greater part of the sample retnined its fomrmer tlack
appearance. hut there were some greyish-white flecks in
the sample, and 1t is considered lively thut some oxide
and/or silicide had formed. 7he larger f.c.c. lattice
probubly corresronds to the strorg lines of t.c.c. LanOsx,
and to an actual t.c.c. lattice constant of approximutely

11.45 i. ‘'ihe smaller f.c.c. lattice constunt is within

experimental error of that for f.c.¢. lanthanum, and corres-

ponds to the metal or to the hydrogen-poor rhase.

It is not clear why a metal phase should form from
the hydride, unless there could huve teen consideradle dif-
fusion of hydrogen throuzh the thin pyrex wall of the cap-
1llary. Thou,: the sampl prodbablg contained orly about

-
H
R e,
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1 co. (N.T.P.) Of hydrogen before being annealed, the ini-
tial pressure in the capillary on heatin; would have been
quite high (evidence? by burstiny; of other such hydrogen-
rich samples). That diffusion may well have occurred is
indicated by the findings of Busey & Clauque (1953) con-
cerning the diffusion of hydrogen through pyrex glass.
Errors introduced ty such hydrogen loss have been discussed
above.

In addition, samples of composition Lan1.49 and LaH.ss
were obtained from two of tho dissociution pressurc experi-
ments. These samples were exposed to nitrogen in the line
and COz in & dry tox, sealed into pyrex capillaries, and
annealed at 540° C. for 12 and 20 hours, respectively. ‘he
diffruction pattern for the former corresponded to two
f.c.c. lattices, while the lattor displuyed three f.c.c.
lattices, as well as several unidentified lires. 7The lat~
tice corstunts are tabuluted below, while the diffruction

data may be found in Aprendix III, Tables 31 and 32.

LaH) 49 LaH ;<
5.670 £ 0.002 A. 5.669 + 0.003 A.
5.239 £ 0.010 A. 5.247 + 0.008 A.

5.202 + 0.010 A.
The largest value for each 1is doubtless that of the
hydrogen=rich phuse, of approximute composition LaHy g.

The second vulue 1n cach case most probutly corresponds to
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that of the lanthanum monoxide described in Chupter IV, the
formation of which would have tecn caused by contact of the
sample durin, the annealing with the small amount of GO,
and perhaps sir sealoed into the cupilllaries. The third
value for LuH, -, Of 5,292 ¥ 0,010 A. is within experimen-
tal error of that for f.c.c. lantnanum, and ic considered
to represent tlie hydrogen-poor vhuase of the two-phase reg-
ion. Failure to ohserve the lines of the hvdrogen-poor
phase in the LaRj 4¢ sample may te ascrited to the fuct
that the prorortion of this phase present at his composi-
tion would be ruther emulle.

On the othier tuand it 1s possible, thou,b less likely,
that the phuse with a, of §5.292 ... could represent a small
projortion of a lanthanum nitride phase, Lak. Ihis might
be dccided Ty intensity measurements, tut they could riot be
made with sufticient agcuracy for tlils filrm, since it was
not too well resolved, and there was considerable overlap
among tre various lines.

the unidentified lines on the Laﬁo.33 film aprear to
be ascritarle to hexagoral La, 0z, thou;h this cannot be cer-
tain.

In addition one sample of lunthanum deuteride of com-
position LaD, gg Was obtained from a dissoclation pressure

experiment. 'his sample was preparod as wore the hydride

[ S 4
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samples descrited Jjust above, Diffracticn data are tabula-
ted in nppendix ILI, Table 33. Its diffraction pattern
showod lines correspondin, to two f.c.c. lutlizes, with
cell constants of 5S.c¢fl % 0.002 . and 5.66<¢ ¥ 0.00% A,

The former protatly forresponds Lo luntharum monorxids, as
discussed abcve, und tho lutLer Lo the deubsr.um-rich phase
of the two-plese e, lon. IU Js sesn that the deutorida
phase displ.ye a s13,Ytly smailer attice paromater tian
the corrvesponding hyd:ide phmad. Similar cisarvations have

~

bacn reported for the hrdrides sni Asuferidaes of litnium
[ 9

uranium, ané Lhoefnium, and are sum orcized by $-.dhu {1854).
» »

Cerium hydride

~

rilms wero obtulined for Jou: samplor of vViruous oom-
positlons of ¢eriwe hydride, whic: were prepevaed az doa-
oeribed atove i the crxperlnoentul section. (he eell gone
stants, tabul ..cd kelow, follow the cnerel tend as dese
eribted sbove. ‘he data Ifrom ahichr the cenataits arc de-

rived may te fourd in .ppendix IIi, Tatrles 4 end 36,

BiCe a, (A.)

2.83 5.545 £ 0,005
2.43 5.549 & 0,002
2.02 5.574 ¥ 0,002
1.86 5.580 * 0.002

In adliition one sample of corium douterlde of compo-

sition CeDg ¢ Was obtuined from the dissccletion pressure
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studies. This sample was exposed Lo nitrogon in the line
and to €Oy in the dry tox, sealed Into a pyrex capillary,
and annealed & hours at about 540° C. Its diffruction pate
tern showed lines corresponding to two f.c.c. Jattices, of
5.569 £ 0,003 s, and 5,123 £ 0,005 A. Thne diffraction date
are in appendix IIf{, Table 36. ine larger lattice constant
doubtless corrasponds to the deutsrium=rich riw.se of the
two-phase re,ion, while the smallar probaniy correspords to
that obtserved sbove in trha cuse of the anneslad metal sam=-

rle, which 1s thousnt to be that of a monoride.

Praseodymium hvdride

F1lims were obtuired for [our samrles of praseodymium
hydride of varicus compositionz, prepared s described
above. ihe composiitions of the sarples, to,ether with the
corresponding r.c.c. lattlice constunts, are , iven in the

followin, table.

L:Fr 8 (£4]

£.85 5.495 * 0.003
£.49 5.491 * C.005
2.25 5.50L + 0.005
.02 5.515 £ 0.002

The data from vhich thesc constunts were derived are to be
found in «ppendix III, Tuables 37 und 38,
In addition one samrle of composltion IrHg ng was ob-

tailned from the dissoclation pressure studies. This sample
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was exposed to both nitrogen in the vacuum line and to CO,
in a dry rox, seuled off, and annealod for 20 hours at
about 540° C. Its diffraction pattern showed lines corres-
pondir, to two different f.c.c¢. lattices, with coll con-
stants of 5.£818 % 0.005 ... und 5.14 % 0,01 .. Data from
tris photoyrurh may te found in aprendix IIX, Table 39.

The former value corresponds to thot for the hydrogen-rich
rhase of the Lwo-phase reypion, while the lutter may te as-
oribed to the hydro,en~poor phase, 0 may be dus to a

monoxide.

Neodymium hvdrlde

¥ilms were obtulned for four gamples of varlous com-
positionsa of rzodymium hydride, witch were prepared as des-
eriheé atove in the experimentul secticn. The diffraction
data are tabuluted In nppendix III, Tubles 40 and 41, and

the cell constunts derlived therafrom are talmlited below.

HiNd a5 (a.)

2.40 5.43% £ 0.005
£.19 5.444 £ 0.008
1.99 5.467 £ 0.002
1.83 5.469 £ 0,002

In addition one sumple of composition Ndﬁo.75 was ob-
tained from the dissociation pressure studies. This sample
was expose:’ to nitrogen in the iire and CO0p in the dry box,

seuled into a cyrex caplllury, and annealed approximitely
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@ hours at arout 540° C. The diffracticn §ata are tabulse
tad In ~ppeacin iil, Table 42. Tra lines correspend to tvo
focec, Jatticen, of 5,446 X 0,008 ., vt B.CI% 2 0,005 A,
The [oeaor volue doubtless corssponds to tie Initice
of the hrdrz; sn-rich phase. Irhe latior valus neobablr core
responds to thiubt chserved atove In the cosws <L the annealed

metal samplz, ~hick 1s thouht to te that aof a monoxldde.

It has tosn shovn that “he hrdrides of tne raro earth
metals discuscad in this chapter cre comalisrably axyunded
over the paréent metal structures. Tals ox.ansion 18 : may~
imum for trs hydrides of approximete compoaiiisu LRy g, or
8li, htly richer in hydrogen~-aprarenily s maxinng, there-
fore, for tuc nydrogen-rieh phase ' the tuwo-phase reglon.
+ comparison of tie lattice constauts of the metals and hy-
drides 1s made belew, and the poreontage crangs in molecu-

lar volume ls ulsec , lven.

80 (A.}
kctal Hydrids  AY (1)
La 55392 5.0 21.9
ke B:is3 82578 533
Na(d.hop) 3.685 5.468 19.9

¢ = 11.786
Further additlon of hydrogenhas been thosn to result

in a sli ht cratruction of the luttice. Uihils contraction

W e
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in volume for the hydride of approximate composition “Hn,e
»zlative to the hydride of approsimate composition *H| g
ranges from 1.17 for the case of praseodymium to 2.8% for
tte case of lanthanum. These values must be coasidar»d on-
iy as approximate, however, as lattlce constants for the
hirdrides having a hi her content in hydrogen are leus i
curately known than those for tha hydrogen-rich phase »f
the two-phase region.

Holley, et al. (1955) rerorted maximum le:tice ..~
stants for samples of compositlon ¥y, and a gradual. .-
ireas8s with increasing hydrogen content. Since these iluatfie
tice conatants a,ree well with those found in the pre:r:nt
investization for samples of approximato compos:ition AT
snich represcnts the hydroygenerich phase of the two-ph:sy
reglon, and since Folley, et al. idertify trese sample:s s
heing the hudrogen-rich phase of the two-phase soglon. 1%
is probable that the compositions of the hydrides ocnaic-
2red to be ¥Hg by liolley, et al. were actually somewhe.”
lower in hydrogen.

This graduul contruction of the hydride with edc '*ion
of hdrogen teyond the composition corresponding to th. rich
ohase in the two-phase reglon can te correlated with ths
srarp rise in dissoclatlon pressure which also occufa nh

compositionc somewhat below ﬁnz. Neutron diffruction vork

WbTokgbe. g - -
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in volume for the hydride of approximate gompossition Wl g
relative to the hydride of approximate composition Yl ng
ranges from 1.17 for the case of praseodymium to 2.37 fo»
tte case of lanthanum. These valuses muat be coasidar:»l on=-
iy as approximate, however, as lattice conatants fo» :tha
lirdrides having a hi her content in hirdrogen arae leus .«
curately known than those for tha hydrogon-rich phase »f
the two-phase region.

Holley, et al. (1955) rerorted maximum la:tico ..o~
stants for samples of composition ¥i,, and a gradua.. f -
srease® with increasing hydrogen content. Since these iste
tice constants s.ree well with those found in the preaunt
investization for samples of approximatoc compos:i.tion ”*}JBS’
¥nich represcnts the hydroygen-rich phase of the two-phiss
raglon, and since Folley, et al. idortify tlese samplea ss
heing tr.e hudrogen-rich phase of the two-phase rfeglon. 1%
is probable that the compositions of the hydridea occnuid-
:red to be ¥Hy by liolley, et al. were actually somewhe.”
lower in hydrogen.

This graduul contruction of the hydride with sdc . %ion
of hidrogen teyond the comrosition corresponding to th. rich
onase in the two-phase region can te correlated with ths
srarp rise in dissociation pressure whick also occuﬂa E5

compositions somewhat below mne. Neutron diffructicn vork
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Iy Holley, et al. has been reported as demonstrating thrau
the two hyvdrogen atoms in hydrides of comrosition MHy wea
situited 1n tre tetruhedral rositions, and that additirnnl
Liydrogen cntera the octahedral rositions. Two samples of
verium hydride had been investijgated using ncutron diffrac-
*ion, of reported compositions Cel, and CeHy ,q. Here
tgaln tho composition of thae phase descrited as Celp ves
probably somewhat lower than this. The values IFI/n, whore
[{F] 1s the structure factor per unit cell and n is the num~
Lgr of molecules per unit cell, cualculated on the basis of
t. Pluorite~typo structure of composition Cellp are listed
below, to,ether with observed vualues. Calculated values
tor a composition of (eH; g5 are also listed. The a,rce«
nient for the latter compositlon 1s certainly as good as

for the composition CeHy.

[F|/n
hkl obs. CeHo(culc.) CeHj gglcale.)
111 0.58 0.46 0.46
200 1.83 1.22 l.16
220 0.10 0,30 0.24

The observed vulues of |F|/n for the sample of com-
position CeDp 49 are listed helow, together with the values
calculated for a) 2 atoms of deuterium per atom of cerium
in tho tetrahecdral positions and the remalnger in the cota-

hedral positions, and b) 1.85 atoms of deuterium per astom
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af cerium in the tetrahedral positions, and the romairde:

i the octahedral positionas.

|¥|/n .
el obs ., CeDoD,4gl{calc.)  CeD;,ggD,ga(calc. )
111 0.175 0.15 0.05
290 .368 .53 .33
220 1.95 2.07 2,07

thz degree of accuracy of the observed values was not give=
313, It does not appear that a very defin:ite distribtuticn
37 the douterium atoms between tetrahedral and octahec.:'al
wx3itions can be made on the basls of the observed daiu.
% is unfortunate that observed values have been repor tad
For only three diffraction maxime. Lven thou h the ocie-
1edral positions be,in to f1l1 at a compo:lition below MHe
{tt 1s possible that thereufter hoth sites continue to ":11,
ntil at a composition such as CeH, 4g <31l tetrshedral

wal tionas would be filled. On the other hand it 1is pcsuie=
7le that some tetrahedral positions remain unfilled ur.i:il
‘nuch higher compositions are reached.

Holley, et al. (1955) have given a brief discus:cion
of the structures of the hydrides. They hLave concluded
‘hat two valence electrons of each metal atom participats
in M-R bond formation in MHy, and that the metallle ochtar-
acter of the hydrides is duc to the presernco of additicral

talenoce electrons. Metallic char.cter and a subnormal

Wit A
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ralence of two are also shown by monoxides and monosulfides
uf 4f and 5f eolemonts, it was pointed out. Iliowever, thaue
nuttiors drew no further comparison other than this steve-
nent. They also sh:owed that since the metal-hydrogen cin-
“ances decrease more rapidly with the increasing atomic
urber of the metals than do the metallic radii (corrected
for coordination number of 8), the radius of hydrogen cean=
ot be constant 1f it 1s assumed that each metul ~hydrc;sn
‘dlstance 1s the sum of covalent radil of the metal and hy-
drogen.

Dialer (1948b), and Dlaler &% Iiothe (1955a, b) hrava
mppested that the first two hydrogens in the rare earth
hrdrides are tonded ilonically. Cibb & Libowitz (1955) have
advanced the theory thut ecertain motallic hvdrides, includ-

‘ny the rare eurth hydrides, are closely related to tre

salt=llke hydrides, though possessing somewhat more covulent

chauracter. From a plot of uffective hydride ion radius
versus electronegativity of the mctal for certain ionic ny-
drides, tliese authors derived effective hydride ion rudii
for hydrides of metals of different electronegativities.
These radil for the rare eurth hydrides varied from 1.33 A.
for lanthanum hydride to 1.30 for samarium hydride. The
sum of this effective hvdride ion radlus and the radius of

the trivalent cation (corrected for coordination numter 8)

N
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showed excellent agreement with the metal-hydrogen disrt.rce
in each hydride of composition }NHo.

The view talken by Gibt & Libowitz of the nature »
the hydrogon was a somewhrat ambiguous one. They stated
that, at least in volume requirements, the hydrogen couid
be corsidered to be present as hydride anions. lHowever,
the possibility was left open for the electron pair of ths
hydride ion to participate to a limited extent in the sien=-
tron system of the metallic product. «t the same time they
stuted that this "pseudo hydride anion” could also be ro-
carded as a proton closely associated with two electrons of
a metallic system or alioy. The extra valence electrons »f
the metal were stlll consldered to participute in wesk met-
sllic tonding.

Cibb & Livowlte drew no analoygy between these hy-
drides on the ane hand, and metallic monoxides and moncsul-
fices on Lhe other. Folley, et al., o0 did make this an-
aingy, did not recoynize the correspondence between the I-H
distances in the hydrides aund the sum of the trivalent cate
jon radius and a nearly constant hydride ion radius. It
has beon :ointed out by Iandelli (1955) that the interatom-
ic distangses in the monochalcogenides of the first four
rare earth metals agree with an fonic lattice consisting of

positive trivalont and negative divalent ions, the metallic
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pod belng partially due to one free electron per metal
rt-me Conductivity and magnetic measurements by Eastmoni,
i wer, Bromley, Gilles % Lofgren, 1950a, b) have been lia-
terpreted as signifying that each metal atom in ceriur wone
»153:.11f1de hus cne free unpalired f electron, and one @ elag~
tron which 1s paired in metullic bonding. The sulfur stoms
&«r2 presumed to tuke up two slectrons aplece from the metal
etoms, uand the cerium sulfide lattice thus would be made up
of dipositive und dinegatlive lons. The shortening of thas
houd relative to that expected for such ions was ascribed
to the influence of the extra bonding due to the d elec.
trons. These authors apparcntly did not notice that the
raiius of cerium in the monosulfide was upproximately that
of Ce*>,

However, this 1s uppurently fortultous. In the case
of ThS, which 1s not paramagnetic, two d electrons are pre-~
suined used in meotallic tonding, and the radius of thorium
in ThS 1s slizhtly shortened relative to that of Th*%., In
U8, wricr. has a paramagnotism corresponding to two unpaired,
prosumadbly £ electrons, und thorefore also has two d elec-
trons used in metallic htonding, the radius of U 1is almost
exactly that of ﬁ*a. 'Thus the effective radlius of the cate

lon in any of these metallic sulfides does not appear to be

i 5
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a genuine reflection of its vulency, and 1t is prchadble

shat this is also the case for the hydrides.

The case of uranium furnishes further confimmation of
aimilarity betieen the monosulfides and hydrides, since UHx
appurently also displuys puramugnetism corresponding to two
unpaired 565f electrons (Kundle, 1951; Trzeblatowski, gliwa,
i Stallfiski, 1952, 1964), and the effective radiue of U in
UHxy 1s also very close to that of U*G, after bein{'zairéc-
ted for coordination number of 12, Presumably only ore 4
olgoctron would re avallable for metal-metal tonding ir the
iydride, however. <There seems to be considerable basis,
therefore, for considoring the rare earth hydrides, asc well
a8 some other so-called "metallic” or "interstitisl" Y-
drides, to be simrilar in nuture to the monosulfides of
these metals.

Therefora, to summnarize the point of view sigyeeted
atove a8 & plausible explanation of the nature of the rare
earth hydrides, of composition close to MHp, the follcwing
may be stated:

1) Iwo electrons from each metul atom are taken up by
hydrogen, and hydride anlons are formed. It is not corsid=
ercd necessary to make the quulification made bty Cibd &
Livowitz, and suppose trat theae electrons still partici-
pate in the electron system of tre metallic product,

o
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although the metal-hydrogen bond douhtless does have :come
covalent character.

2) The third valcence slectron of each metal ator. pare
ticipates in metal-moetal bonding, and is to be considered
as a 54 electron. ‘The metal-hydrogen distance 1s shortened
by this metallic bondin, relative to thaut evpected for a
divalent cation and a hvdride anion, by an amount which
makes the resultin, distince almost exactly the sum of the
7adil of a trivalent cation and a hydride anlon. This 1s
not justificution for considerin, the metal to te trivalsnt,
nowever, on the basis of the evidence to the contrary cited
above in the comparilson of uranium hydride and urenlium mon-
osulfide.

3) The 4f electrors of the rare eaurth mectals rerain
4f electrons in the hydrides, and do not contritute te¢
bonding, tut do contribute to paramugretism. The paramag-
netism of pacdolinium hydride reported bty Trombe (1944) is
evidence supportin, this statement.

The question of the nature of additional hydrogen be-
yond a composition of ¥KHy remains to be considered. 7he
neutron diffrauction work of Holley, et al. indicutes that
such hydroyen enters the octahedrul holes in the lattice.

Holley, et al. do not discuss this structure further, but

limit their discussion to hvdrides of composition MHs.

s
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Keither do Gibb & Libowitz offer any discussion of rare
¢:.rih hydrides of composition beyond MHg. Dinrler & Kothe
(.955a, b) considered the third hydrogen to te interstiiial,
on tho basls of the smuller amount of onergy ovelved ir its
addition. If this third hydrogen were anionlc, 1t woulid
mran that the d electron of the metal previously used in
metallic tonding now was transferred to hydrogen, making
t.ie metal ions trivalent. ‘Yhe motal-hydropgen distunce 1is
much larger for the third hydrogen atom than for the first
tvo hydrogen atoms. «lso involved here is a sli_ ht com-
pression of the hydrlde ions in the tetruhedral positicns,
a3 the latilce contr.cts »ith additional hydrogen. This
compressior 1s prob.bly a major fuctor in causing thre
amount of energ y evolved upon ad:dition of the third hydro-
¢an to be so small. It 1s difficult to estimate the mugnie
tades of these effects, but therc does not seem to he a
good reason for assumin, that the third hydrogen could not
u180 be lonic, evon though 1ts addition involves loss uii~
€ergy.

On the other hand, the decreuse in metallic charucter
of ti:e hydride »ith addition of the third hydrogen atom in-
dicutes that the d electrons are bein, used in metul~h7iro-
gen bonding. ithe resultin, structure, if a composition of

MHs were attained, would be of the bismuth trifluoride type

W%mm.;a ,_
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L3trukturbericht [I, pp. 22, £80). Othsr lonic compnuncs
having such a structure are alsd known. The porsistence of
the bhlack oolor of the hydrides can he ascrited to residual
motal -metal tonding, since the compositicn VHz does not ap-
pear to te attained. The hydrides of europium and yiterdi-
um, which are apparently fonic, and made up of divalent
cations and hydride anlons, ar« also tlack in color--peve
haps this 1s ulso cue to a sli ht defliciency 1in hydroge:.
ihese hydrides ure discussed in Chupter VII.

P
P
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x=ray diffraction pattern of a
Yanthanum nvdride "amalgam’ sample

A pyrex caplllarv containing a sample of lunthanum
hydride of composition Laly ggs whlch had been sealed when
evacuated, was broken open under mercury. The mercury en-
tered ths capillary and formed a shiny "amalgam,” like
those desorited previously. The end of the capillary was
closed with "Varno-Cement," to prevent access of air and
decor;josition of the preparation.

An Xepay povider diffrsction photograph was taken

usin, this sample immediutely ufter its preparation. The

m“ e iy iy e o1 T
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~ines of the pattern obtailned were not too well~resolvci.
hut a photoyraph prepared €60 days after preparation of tue
~amnle showed the same pattern, very well-resclved. Lifl-
raction duta from this pattern are tabulited in Appendix
71X, Table 43.

The pattern is qulte complex, and there are indica-
tiong that the unit cell may be orthorhombie. Unfortuuziely
tho unit cell could not be determined, The lines do nit
rasch those of lanthianum hydride, or of eithor modification
vf lanthanum metal. Nor do they matceh lines calculater dHy
Your different lanthanum-mercury compounde rsported by Il.ae-
«01li & kerro (1951).

The fact that a diffraction pattern which differ:s
from that of lantharum hydride is obtained from the "ama. -
cam" indlicates that some sort of reaction must occur be-
tween the hydride and mercury. Furthermore, thils reactivn
cecurs without evolution of any large progortion cf hydro-
cen, as shown bty the fact that the caplllary did not btur:st,
and also as indlcuted by the experiments discussed abovs
congerning stability of the hydride "amul,ams” on long
etanding. Howeveor, the question of the nature of this

¢rystalline product remulns unanswered.

R
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X~-KAY DIFFRACTION DATA
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CUABLE 28 . »-X~ray diffraction data for lanthanum hydride sams
ples of various compositions. Cu radiation, Ni filter. Seq y
@ p. 115. !
! |
P Lally 26 LaH, g9 ;
‘Zn®  Teino %  stng _% _ sime % |
‘s 0.25965 5.572 0.23733 5.626  0.23796 5611 1
5 4 27644  5.577 (27287 5 650 -274E5 5 316
1 8 28943 5.598 38681 5.637 .38681 5 637
| 1% 45564 5 611 45388 5 633 .45310 & 543
12 4781€ 5 608 47366 5 638 47327 5 643 |
'18 R ) PR T a0 0 a 3 Y8 03 R I TN " T i
19 59828 5 819 69583 5 640 50443 5.653 |
20 61361 B 61 (61102 5.842 .61031 & 649 :
24 67206 5.619  .66947 5 641 668CC & 554 |
2, 71216 5 625 . .oues. ccos. . 70816 & 657 ;
! 32 77497 5.6272% 7308 s5.6408% 77025 & 6617H
. 35 .81068 5.6258% .80841 s5.6416% 80578 5.6600%
- 3A .82158 5 301: 81885 5.6486% 81729 5 6594%
. 40 .BBE67Z 5 €253 86369 5.6451% 86099 & 5628%
4 89796 5 829s* .e9s48 5.6451% .89309p 5 sS602*
44 00865 5.6276% 90594 5.6444% .90201 5. 5634%
. 48 veees. es.... 04562 5 6480% .94320 5. #620%
;81 ceewon ecw... Q7528 5.6443% ..., ...
, . Bimq .07689 5.6308% L..ics eiee..  .97146 5‘5525:
i ' 51‘2 o8 o0 o oo ey . . . o000 800 co 6 ee o :97449 5«6588*
x' 5;3“1 PR U ISRV oo oo ot oe * 098108 5 5614
i Blag ceen eenn. sesen eee.. 98322 £ 5632%
i Average a, values computed using starred values are:
g a9 a4 g :
"7 .x' . Laﬂz "47 5 n628 t 00005 Au
- { . : LaH,; o6 5.645 £ 0.005 A-
| | A LaH; gg 5,661 X 0.005 A. |
f
|
f": L
‘ H
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TABLE 29 .~-X-ray diffraction data for lanthanum hydride
samples of different compositions. WMo radiation, Zr filter. i
See p. 115. i
2 aino 2 #in°0
. P AN obs . 8o obs ., 8
; ’ 4 0-701662 310803 fc o000 00000
D 8 ~03280 31.781 0.03276 5.553
P 11 -04508 31,629 .04461 b5.581
‘ 12 .04936 31.466 -04869 5.879
16 06491 §.679
19 .07760 31.506% -07628 §.608
20 .0B164  31.542% -08035 5,806
24 09758  31.466% -09604 5.617
27 .10957 31.586% .10774 5.625
32 .12082  31.542% -12743 5.631
35 .14173  31.575, 13917 5.635
36 .14612 31.492 .14362 5.626
40 .16142 31.645% .15941 5.629 }
A 43 .17347  31.635% .17149 5.627 !
44 17747  31.635% .17464 5.640
48 -19931  31.659% .19121 5.630 W
51 .205693  31.561% 20222 5.643 ;
52 .20891  31.716 .205654 5.652 ::
: 56 .22569  31.597% 22219 5.641 |
é 59 .23802 31.552% 23378 5.645 t
§ 243“1 c oo eaoo 0 e e0 00 095045 50670* i
24“1 oceo0 00 coesvece .95482 50669* i
24&2 st 300 o e s 0800 096165 50671* L
244‘2 o veeo0 0 ceeoe o0 096631 50669* t
248“1 20 e 800 o e b e vy \:97013 gngzg:
248‘ e o % e o0 e 0o 900 n98166 o
’L 251“% s o ®e 00 20@ 890 00 9671*
f
‘ An absorption correction of E cos?0 sin 20 was ap- !
plied to the sin“e values for the LaHp ng sample (Buerger, ’
1942). An empirical value for E of Oﬂags was obtained as |
the average for a number of films, on each of which the aq |
derived from lines at very large values of © was assumed
correct, and the best value of E was calculated. Average !
a, values computed using starred values are 5.619 * O 0i0 A !
afd 5.670 £ 0.008 A. for the two samples. |
Buerger, M. J. (1942). X-ray crystallography. New York: ;
, John Wiley & Sons, Inc., p. 429
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_40.~=X~-ray diffruction data for lanthanum hydride
sample of composition LaHp vwg, after annealing. Cu radia-

tion, Ni filter. See p- 116 -

sin @ z—h:.2 a, Zhy2 8,

0 23266 3 5.739
.26286 3 5.261
,26912 4 5.729
29162 4 5.287
.38151 8 5.716
41287 8 5. 281
44707 11 5.719
46646 12 5.724
48409 , 11 5.282
.50427 ' 12 5.296
63914 16 5.720
58698 19  5.725 18 5.2563
.60162 20 5.730
.63516 19 5.290
65970 24 5.726
.69913 27 5.730
75615 27 5.208
79669 35 5.7246%
80897 36 5.7176%
.84977 40  5.7376% -
.86111 , 35 5.2063
.88296 43 5. 7252*
.89323 44 5.7247% .
,92042 40 5.2971
93229 48 5. 7238*
.96138 51 S. 7257
.97029 52 5.7202%

Average a, values computed using starred values are
5.727 £ 0.010 A, and 5.297 £ 0-010 A.
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TABLE31 .~-X-ray diffraction data for lunthanum hydride
sample of composition LaH; .g- Cu radiation, Ni filter.
See po_!._}_z_.
— 2
ein © Zn,?® 8 2hy a8,
23902 3 687
0325602 5.8 3 5.216
.2749 4 . ]
2 eie 5607 4 5.224
. 8 o
S as 5.625 8 5.213
.45370 g 5.635
aoso 5-640 1 5.226
"y 54590 16 5.649
: 524;8 %9 5.650
. .61018 0 5.65
il .6412¢ ° 19 5»2405jﬁ
. 65820 20 5.2378"
66758 24 5.656 j
N 70803 27 5.658 :
LT7041 32 5.660 |
80489 3547 5.662
.81598 3641 5.664
: .B6000 404 5.664 :
. 89143 43¢1 5.666 1
.60151 4401 5.667 |
94747 48¢] 5.668 |
.97016 514y 5.6700* ‘:.
.97245 5lao 65.6706%
.97948 524y 5.6707% ‘
.98197 5240  5.6704%
% Average a, values computed using starred values are
/ 5.670 £ 0,002 A. and 5.239 * 0.010 A. i
N |
| |
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TABLE_32.--X-ray diffraction data for lanthanum hydride 1
sample of composition LaHp sz. Cu radiation, Ni filter. j
See Pe 117. j
sin © Z'hig 8o Zhiz ag 2h12 a,
0.23796 3 5.611
,26534 3 5.230
27329 4 5.642
.29511 4 5.224
[ 38603 8 5.648
' 39369 ?
.41172 8 5.206
. .41692 8 5.230
‘ / 0441m ?
; 1 45197 11 5.657
; - -46636 ?
‘ 47292 12 5.647
.AB4OB : 11 5.282
48906 11 5228
,50462 - 12 5 202
h .50890 o 12 5.237 5
58846 16 5.240 f

59616 19 5.646

: .60914 20 5.660 -

. .63514 1€ 5 2908

,64121 19 5.241 .

.65187 20 5.2911

.65785 20 5 .241

.66770 24 5.656

67936 ?

.70803 27 5.658 !

.71387 24 5.2003%

72028 24 5,243 :

.75628 2 5.2067%

i .76305 27 5.244

/ "~ .80518 35 5.664 :

.81668 36 5.664 "

82394 32 5.2027

.B6090 40 5.663 '

! ‘ .86924 35 5.2468% x

’ ) .80222 43 5.6658

a 90227 ‘4 5 o 6674 p
; ~96276 43 5.2507% !

a LIT037  51%; 5.6687" !

97306  Slay 5.6671%

e =
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TABLE 32.--Continued

sine Em% e Zh?  a, Thi? s,

0.97968 52« 5.6701%
98206 B2ap  6.6700"

Average ap values computed using starred velues are:

5.669 £ 0.003 A,
5.247 € 0.008 A,
5.292 % 0.010 A.

e e,
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TABLE 33 .~~X-ray diffraction data for lanthanum deuteride
Cu radiation, Ni filter.

e

gin 6

0.23897
-25636
27635
~28632
+38756
-41841
~45424
-47440
.48897
.51020
54696
.59618
~61118
.64184
.656814
-66862
-70889
.72022
76362
~T7147
»80615
~81789
- 83077
.86162
-86811
- 88085
.89258
.90261
92744
94260
.96213
.97120
- 97364
.98060
.98285

See p. _1186.
Z h12 a9 Z hiz )
3 5.588
3 5,200
4 5.599
4 5.203
8 5.626
8 5.211
11 5.629
12 5.629
11 5.229
12 5.234
16 5.638
19 5.636
20 5.641
19 5.235
20 5.238
24 5.648
27 5.651
24 5.244
27 5.246
32 5.653
35 5.657
36 5.655
32 5.2402%
40 5.6593%
35 5.25265
36 5.2611
43, 5. 6587
44a; 5. 6605" .
40%,  5.2526%
48«, 5.6620"
43 5.2406%
5l«; 5. 6633
Sea® 5 22."’3
5241  5.6654"

Average agy values computed using starred values are
5662t 0-003 A. and 5.251 £ 0.002 A.

- ener oSt -
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TABLE 34.~-X-ray diffraction data for cerium hydride sam-~
ples of various compositions. Cu radiation, Ni filter.
See p. 119 .

CeHy g Cely 43 3eHg o

Zhie sin @ &g sin © R sin @ R

3 0.24412 6.470

4 -28043 5.498

8 .39587 5.508

11 .46322 5.529

12 o .48365 5.522

16’ o 00 e e 0 908 Y

19 . ,60738 5.532
20 o .62306 5.5332
24 0.61874 5.5396 .68238 5.5345 :
27 72800 5.53908 ~ .72326 5.53856 0.71950 5.5676
32 78640 5.85454% .78666 5.54435 .78239 5.5738
35 . .82300 65.5418% .822900 5.5422  .81829 5.573
36 .83427 5.5442% .83369 5.5481% .83019 5.571
40 .88010 5.5398% .87857 5.5495% .87468 5.574
43 91170 5.5447% .91091 5.5496" .90682 5.574
44 .92167 5.5481% .92143 5.5495% .91723 5.574
48 .96277 5.5474% .96237 5.5497% .95792 5.575
51y 99171 6.5467% .99180 5.5462% ...... .....o

Average a, values computed using starred values are:
CeHy g5  5.546 t 0.003 A.
Cel; 43

CeHy oo 5.5674 £ 0.002 A.

5.549 £ 0.0C2 A.

Lines at small values of 6 were not always read, as
in the cases of two films above, and other films as well,
since such lines were not used in calculating the value of
a

oo
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of composition CeHj _.gg-

Zh1‘°‘

S
4
8
11
12
16
19
20
24
27
32
35
36
40
43
44
48
51
62
21643
21943
2271
24341
2449)

sin®o

TABLE_3§.-~X-ray diffraction data for cerium hydride sample
Mo radiation, Zr filter.

L e P

loz

0.01285
»01698
03380
204876
- 04987
-06618
- 07829
- 08268
- 09903
-11084
-13167
- 14296
-14769
.16344
« 17569
.17996
-19662
.20817
-21139
.87329
-88469
91704
.98163
-98563

31.1066

31.1318%
31.1306"
31.1319%
31.1334%

234

See p.l19

5.580 £ O, A-

Averng;evnlue of a, computed using starred values 1is

i

e —\;;/




~
[P S,
~

— g

238

TABLE 36 . ~-X-ray diffraction data for cerium deuteride sam-

ple ol composition CeDg gsg-

Pe X2

Cu radiation, Ni filter.

See

—

——

sin 6 Zhy® 8 Zh,® 8,
0.39403 ;] 5.534

46268 1 5.526

48221 12 5.538

68708 16 8.536

~60579 19 5.547 16 5.080
-62067 20 5.545

-66039 19  5.088
-67986 | 20 §5.0M1
-72116 27 .  65.556

.73969 24  5.106
."18446 32. 5.559 27 5.106
-81999 35  5.562

83161 36 5.562

S 87553 40‘1 5 a 564 #
.89014 | 35dy 5.1193
-90741 4343 5 5709 36a) 5.0031
90042 434p 65.5677%

.91762 44« 5.5679%

91969 44¢z 5.5693% .
95039 40ty 5.1258
-95836 48« 5.5683%

ogsms 48‘2 5 S 5672’

98724 51d; 5.5718 43«7 5.1161
98975 51dp  5.5715%

99629 52¢; 5.8750 44«; 5.1262

Average a, values computed using starred values are

5.569 £ 0.003 A. and 5.123 £ 0,005 A-
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TABLE 37.~-X~ray diffraction data for prasecdymium hydride
samplés of various compositions. Cu radiation, Ni filter.

See p- 18G-
o Pris . g5 Prig. 49 Prig . 2p
zhi sin @ o) sin © LT sin © Bo.
s 0.24390 5.478 0.24624 5.423 0.24517 5.446
4 .28085 5.494 .28442 5.421 .28232 5.461
8 .30728 5.488 .39087 5.483 .39887 5.469
11 46554 5.492 .46805 5.463 .46632 5.483
12 -48804 5.496 -48662 5.465 48690 5.485
16 .56117 5.495 .56298 5.477
19 .81153 5.495 .61395 5.473 .61205 5.490
20 .62750 5.494 .62989 5.473 .62802 5.490
24 .68762 5.492 .68949 5.477 .68753 5.493
27 LT2873 5.497 73076 5.482 .72021 5.493
52 79438 5.490 .74986 5.486 .79348 5.496
35 .83009 5.4942% .83126 5.486 .B2975 5 .496
36 .84161 5.4959" .84299 5.487 . .84128 5 498 _
40 .88723 5.4953" .88799 5.4906, .88634 5.5008
43 .91992 5.4952% .92087 5.4913° .91900 5.5006
44 ,98023 5.4970% .931156 5.4916% .92068 5.5003
48‘1 097121 5(-4946* ® 095050 00 0606 00 c;oouo H 6000

Average &, values computed using starred values are:
Prip gg 5.495 £ 0.003 A.
PrH; 40 5.491 % 0.005 A.
Priy; of 5.601 X 0.005 A.




~

237

TABLE 38 .~-X-ray diffraction data for praseodymium hydride
sample of composition PrHy gp- Mo radiation, zr filter.

See p. 120.

z hia sinZe )
3 @000 0o oo %200
4 0.01736 5.398
8 . 03435 5.423

11 - 04686 5.445
12 08108 5.446
16 08771 5.462
19 . 08032 5.465
20 . 084562 5.466
24 -10123 5.472
27 .11370 5.476
32 -13472 5.477
35 14673 5.488
36 . 16007 5.487

40 .167456 5.492

43 -18032 5.48%

44 .18383 5.498

‘8 20 &9 0 200900
51 .2128%7 5.500

52 21687 5.503

56 23400 5,497

59 -24665 5.496

2194 -.90626 5.5168%*
22743 .93873 5.5146%

Average value of a, computed using starred values is
5-516 £ 0.002 A,

L 4

e e
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|TABLE_39.--X-ray diffraction data for praseodymium hydr:ide
sample of composition Prno.vg. Cu radiation, Ni filter.
21.

See p.
sin ©
obs. Zn® ) Zhy? a,
0.24553 3 5.438
- 86330 3 5.071
.28182 4 5.471
- 30242 4 5.008
, .39787 8 5.480
/ 42638 8 5,114
; -46674 11 5.490
ne .48876 12 5.498
,49890 11 5.126
.52149 12 5.121
.56132 16 5.494
N .61118 19 5.498
u .62700 20 5.498
.65503 19 5,130
, .67109 20 5,137
_ .68549 24 8.509
" .72789 27 5.503 :
.73806 2¢ 5.138
82720 36 5.513
.83882 36 5.514
.8482¢2 32 5.1412%
.88463 40 5.511 35 5.1855
.89869 . 36 5.1468%
.91861 43«4)  5.5163
| .92602 44y  5.5174
g .96680 484 5.5196
/ .996385 Bl«] 5.5346 44 5.1322

Average a, values computed using atarred values are
5.518 £ 0.006 A. and 8.14 £ 0.01 A.
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TABLE 40.--X-ray diffraction data for neodymium hydride
See p. 121.

————
S——

o NdH2 40 NdHg 19

Zng sin O ap sin 6 8
27 0075848 504244 N3¢ 0 0Q 0 - I - I - T S IV
32 o8 8 680 200 00U0DS 0O O ¢ 800 ﬂ.'.l-o
35 .84030  5.4269_ 0.83867 5. 4580*
36 .86112  5.4345% 85039  5.4362" .
40 .89765  5,4315* .89543  5.4427%
43 .93083  5.4307% .92823  5.4460]
44 .94085 5.4350% 93820 5.48503"

Average a, values computed using starred values are:
NdHg 40 5.433 £ 0.003 A.
Nag, 4 5.444 £ 0.008 A-
TABLE 4] .~-X-ray diffraction data for neodymium hydride

samples of different compositions. Mo radiation, Zr fil-
ter., See p. 121.
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samples of different compositions. Cu radiation, Ni filter|

I

. NdH) o9 NdH; a3
Z hy sin © ) sin © e
20003 0.91771 5.4649 0.91778 5.,4645
203«3 . 92048 5.4680 92463 5.4648
216d4) . 95369 ) 04656 956349 5, 4662
2101 95980 5 °4678 .95963 5. 4688
28271 97754 5.4658"% 97713 5. 4681

227« 2 - .98317  5.4672% .98283 5.4602"

Average a, values computed using starred values ars:
RAH) o9 5.467 £ 0.002 A.
NaH; as 5.469 1 0,002 A.
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TABLE 48 .~~X-ray diffraction data for neodymium hydride
sample of composition mo ” Cu radiation, Ni filter.

See p. fz
: sin © 70,2 8o Zns? C
0.24497 3 5.451
.26443 3 5.050
.28040 4 5.499
30471 4 $.080
| .39627 8 5.502
y : -42916 8 5,081
.46302 11 5.522
; ; 50362 : 11 5.077
i, 52877 12 5,079
.860768 o 16 5.074
61599 19 5.455
.63239 20  5.452
N .66110 : 19 5. oazs*
S .67801 20 5.0847%
.69045 24 5.4698"
73285 27 5.4661%
.T4407 o 24 5.0756%
.78818 27 5.0823%
.83489 38 5.4626%
.84743 36 5.4581%
88772 32 5.0843"%
-89120 40 5.4708% .
.80688 35 5.0851
.90064 36 5.0849"%
02413 4303 5.4655“
§ 92645 4342 5,,4654

o 93478 4447 5.4657% .

/ .958358 400 5.0832

' Average a, values computed using s tarred values are

3 5.466 £ 0.004 A. and 5.083 £ 0.003 A.

e g
| Film was of low contrast, with many diffuse lines.
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TABLE43 o--x—ray diffraction data for lanthanum hycride
amalg:; sample, formed using a hydride sample of composi~
1.

tion 99 OCu radiation, Ni filter. See p. 148 ,
Intensity 8l n26
w 0.06774
8 - 08733
m -~ 08208
m-8 - 09604
) vvw .18197
i w 17843
j w-m ~18723
? vvs -228618
| vvw .23818
5 vw 227195
: w -27760
i m ~28666
; vs ~ 32067
i vvw - 34303
vw 55836
w ~ 37970
m « 50971
wem -63725
VW - 55598
; m 60435
| vvw . 82776
i w .63409
i vw . 66374
! 8 . 88642
; m .91635
5 s . 99098

:ers oo

The last 3 1ines are Kx; lines; others are K« Mines

w: weak; m: medium; s: strong; v: very.

B L
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